During recent years interest in fertilization of improved dryland pastures has increased. In the semi-arid West, this interest has been directed toward the fertilization of established crested wheatgrass,
(Agropyron cristatum)
seedings.
Work in Oregon (Sneua, et al. 1958 and Cooper and Hyder 1958) and in Utah (Bennet et al. 1954) has shown that increased production of crested wheatgrass could be obtained by addition of nitrogen.
The objective of this study was to evaluate the use of fertilizers for increasing herbage production on 3 areas seeded to crested wheatgrass.
This evaluation was made on sites with infertile soil of granitic origin and where the precipitation was 3 to 4 inches less than on those areas described by the Oregon and Utah workers.
The experiment was divided into two phases:
(1) the effect of nitrogen, phosphorus, and sulfur on crested wheatgrass production and (2) the effect of nitrogen alone and in combination with other macroand micronutrients on crested wheatgrass production.
Description of the Study Area
Phase 1 was initiated in the fall of 1953 at Sweetwater Flat in extreme west-central Nevada at an elevation of approximately 7300 feet. Estimated annual precipitation was 12 inches. The study site was on an alluvial fan with a 5-percent east exposure. The soil was approximately 4 feet deep with an increase in clay content in the 41-to 47 inch depth and was classified as a coarse gravelly loam of the Brown Great Soil Group.
Phase 2 was initiated in the fall of 1954 at two locations: Sweetwater Flat (Figure 1 ) and Paradise Valley (Figure 2 ) . The Sweetwater Flat site was located at the base of the alluvial fan described in phase 1. Native vegetation was similar to that described in phase 1, except that 2 additional species were encountered:
muhly grass (IMuhZenbergiu sp.) and dryland sedge (Curex sp.) . The density of crested wheatgrass in 1955 was 1.5 plants per square foot. Basal area cover of crested wheatgrass was 1.1 percent, as measured on 20 circular 9.6-square-foot plots by the area-list method (Pearse 1935) . Maximum and modal sizes of grass plants in 1955 were 80 and 7 square centimeters, respectively.
The soil was approximately 6 feet deep with an A2 horizon present at 1 to 3 inches and a heavy textured horizon present at the 12-to 17-inch depth. This soil was classified as a coarse 4) 30 pounds of nitrogen plus 100 pounds of phosphorus (N-30 + P-100) 5) 100 pounds of wettable sulfur per acre (S-100) 6) Check N-O). Treatments were applied at random in each of three replications. Each plot was 8 feet wide and 40 feet long. Mower-strip yields were used for comparison of treatments. An area of 187.5 square feet (5x37.5 feet) was harvested from each plot during July 1 to 20. Herbage yields were expressed as pounds per acre on an oven-dry basis. Treatments were evaluated for 1954 through
1958.
Phase 2 of the study was conducted on two a-year-old stands of crested wheatgrass.
At each location nitrogen, at the rate of 60 pounds per acre, was broadcast over half of the study area. The various macro-and micronutrients were applied at random within the nitrogen treatments in each of three replications.
All Check. Potassium sulfate and sulfur were mixed with 2 quarts of soil and broadcast over the plots. Superphosphate was broadcast and raked into the soil. Micronutrients were applied in water (2 gallons of solution per plot). Each treated plot was 7 feet wide and 50 feet long. The yield sample was obtained by hand-harvesting two 50-square-foot plots (5x10 feet). The plot yield was an average of the 2 sub-samples. Sweetwater Flat plots were harvested during July 1 to 20. Paradise Valley plots were harvested during June 16 to July 9. These dates are approximately the time of late grazing at these locations.
Yields were expressed as pounds per acre on an ovendry basis. Treatments were evaluated for 1955 through 1958. In both phases of the study, reinvading brush was removed from the plots bv grubbing.
Soil pits were dug at each location and profile descriptions made. A sample from each horizon was collected for laboratory analyses. Stones larger than 2 mm. are reported as percent gravel. The pH of a saturated paste was obtained by a glass electrode meter (method 21b of the U. S. Salinity Laboratory) (1954) .
Electrical conductivity of a saturation extract was used to appraise the soluble-salt content of the soils (methods 3a and 4b (1957) .
Results and Discussion
Phase 1 Years, treatments, and the year by treatment interaction were significant sources of variation in crested wheatgrass yields.
Herbage yield from all fertilizer treatments showed the same general trend over the 5-year study period (Table 3) . Yields were slightly higher in 1955 than in 1954. In 1956, the wettest year 80a2  122a  249a  200a  282a  187  175b  204b  449b  224a  360a  282  217b  268"  541b  349b  374a  350  180b  193b  413b  242a  329a  271  85a  122a  297a  201a  317a  204  108a  150a  319a  208a  265a  210  141  173  345  237  321 ' Each figure is a mean of 3 replications. ' Within-year means followed by the same letter do not differ significantly (5%) (Duncan, 1955 In 1957, the driest of the first 3 years of the study year of the study period, the when the check, P-100, and S-100 check yields showed a 20-pertreatments are used as the basis cent decrease while reducfor comparison. Differences in tions in other treatments yield between the N-30 and varied from 35 to 50 percent as N-30 + P-100 treatments were not compared to 1956 yield. In 1958, significant in any year. The an average moisture year, yield P-100 or S-100 treatment failed increases varied from 107 to 161 to give a yield response in any percent of 1957 production.
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year. A single application of N-90 resulted in a highly significant increase in yield in each of the first 4 years of the study when the check, P-100, and S-100 treatments are used as the basis for comparison (Table  3) . In 1954 In , 1955 In , and 1956 , the N-90 treatment was not superior to
The average 1954 check yield of only 80 pounds per acre and the general increase in check yields and number of flower stalks due to protection for a 5-year period suggest that the grass stand may not have been mature (in the sense of full utilization of the limiting factors of period:
increased yield and an increase in the number of flower stalks. Hence fertilization, in addition to increasing yield, may also hasten the maturity of slowly developing stands. Rogler and Lorenz (1956) noted that nitrogen application speeded the recovery of overgrazed fields.
Nitrogen efficiency (pounds of additional herbage per pound of nitrogen applied) varied with years and rate of nitrogen application (Table 4 ). The greatest efficiency was in the wettest year and with the N-30 rate. On this kind of site, 90 pounds of nitrogen per acre was not used as efficiently over a 4-year period of variable precipitation, as was 30 pounds of nitrogen. For the years of significant response, the total efficiency was 12.6 and 8.0 pounds, respectively, for the N-30 and N-90 rates. The protection alone for a 3-to 4-year plots fertilized with N-90 and l Each yield figure is a mean of 30 values from macro-and micronutrient treatments. 'Within-year means followed by the same letter do not differ significantly (5%).
the S-year response from N-30 indicate that (1) nitrogen was not fully utilized each year and that the unutilized nitrogen remained in the soil and was available to plants the succeeding years or (2) the development of the grass root systems increased the first year after fertilization. Crested wheatgrass plants on unfertilized plots could be pulled easily from the gravelly loam soil. Plants on the fertilized plots were harder to pull because they had a much better developed root system. Unpublished dataa-have shown that roots of crested wheatgrass plants grown under poor nitrogen-nutrition conditions are mostly unbranched, where as roots of plants grown under adequate nitrogen-nutrition conditions develop a well-branched system. Yield responses at Sweetwater Flat in succeeding years after fertilization may be a reflection of the increase in vigor of the root system.
Problems dealing with a measured residual response from nitrogen fertilization have not been solved. Sneva et al. (1958) suggest that since soil-nitrate content at the O-to 6-inch depth differed only slightly between years, at least part of the residual nitrogen was in the form of root reserves of crested wheatgrass. Kay et al. (1957) found that cheatgrass yields were increased significantly for 3 years after an initial application of 120 pounds of nitrogen per acre. Since cheatgrass is an annual, nitrogen would not be stored as root reserves. However, nitrogen could be released through decomposition of the roots or this element could remain in the soil as unutilized nitrates or exchangeable ammonium ions. White et al. (1958) reported that residual nitrogen in the soil the year after fertilization of corn resulted in a significant increase in oat yields. These authors also showed that residual soil nitrogen was in the form of nitrates and that most of the nitrates were found in the 12-to al-inch depth of soil. The applied nitrogen also had no significant effect on the level of exchangeable ammonium or nitrification rate of the soil sampled the following spring.
Typically, ranges seeded to grass have residual or reinvading species of inferior character. Sagebrush, rabbitbrush, and halogeton, for example, continue to grow after crested wheatgrass is dormant. Therefore any residual nitrogen in the soil is available to these weedy species. The growth and seed production of the undesirable plants may be increased. Increased competition with the seeded species would result.
On the basis of 15 cents per pound of nitrogen, a 3-year increase from 30 pounds of nitrogen cost approximately 28 dollars per ton of crested wheatgrass. The 4-year response from 90 pounds of nitrogen costs approximately 37 dollars per ton of grass. Obviously the cost of alternative methods of obtaining forage, e. g. hay, pasture, or unimproved range of equal nu- Table 5 .
As in phase 1, maximum yields at both locations were obtained in 1956 ( Table   6 ) -In addition, response to molybdenum without nitrogen was significantly less than to copper without nitrogen.
With nitrogen added, yield differences among macro-and micronutrients were not significant.
In all cases but 2, addition of nitrogen to the various macro-and micronutrients did not result in a significant yield increase. Addition of nitrogen to the molybdenum and boron treatments resulted in yields significantly greater than from the molybdenum and boron treatments without nitrogen. The data suggest a depressing effect from molybdenum and potassium. The depressing effect of molybdenum in particular seems to be corrected by nitrogen.
The results also suggest that significant increases in yield may be expected by nitrogen fertilization of range soils high in molybdenum and boron.
There was no macronutrient or micronutrient response except to nitrogen during the remaining years of the study at Paradise Valley and no response except to nitrogen in any year at Sweetwater flat.
Based on the cost of nitrogen at 15 cents per pound, the 2-year significant increase in yield at Sweetwater Flat and Paradise Valley from a single application of 60 pounds of nitrogen cost approximately 71 and 50 dollars, respectively, per ton of grass. Because of the high investment in nitrogen and the lack of an economical response from macronutrients and micronutrients, fertilization of established crested wheatgrass plants on these range sites with the materials and rates used would be impractical.
Summary
The study reported was divided into 2 phases:
(1) effect of nitrogen, phosphorus, and sulfur on crested wheatgrass production at 1 location, and (2) effect of macro-and micronutrients on crested wheatgrass production at 2 locations. N-90, N-30, P-100, N-30+P-100, S-100, and a check were the treatments in phase I. Fertilizers were applied in the fall of 1953 only. Treatments were evaluated for 1954 through 1958. N-60, P-200, K-45, S-100, Cu, Fe, Mg, Zn, B, Mn, MO, and a check were applied in phase 2. Fertilizers were applied in the fall of 1954 only. Treatments were evaluated for 1955 through 1958.
In phase 1, the N-90 treatment gave a significant yield response in each of the first 4 years after application.
The N-30 and N-30 + P-100 treatments gave significant yield responses in each of the first 3 years after application. The P-100 and S-100 treatments did not give significant response in any year. The form and location of residual nitrogen in the soil, if any, and any indirect effect of nitrogen on plants were not evaluated.
In phase 2, application of N-60 resulted in a significant increase in yield at 2 locations the first 2 years after fertilizer application.
At 1 location, no response from phosphorus, potassium, sulfur, or micronutrients was measured.
At the other location, molybdenum and potassium without nitrogen resulted in yields lower than the check. With nitrogen, macro-and micronutrients gave similar yields. Molybdenum and boron with nitrogen gave higher yields than did molybdenum and boron without nitrogen.
Fertilization of the sites described with the rates and materials used would not be practical. 
